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Antimicrobial Peptides Which Exhibit Lipid Composition Dependent
Membrane Binding and Sequence Dependent Efficacy of Bacteriolysis
Luba Arotsky, Emmanuel Yawson, Laura Hagens, Michael Urban,
Gregory A. Caputo.
Antimicrobial peptides are a class of short, amphiphilic peptides which are part
of the innate immune system of most higher organisms. These molecules act as
a first line of defense against bacterial infection, exhibiting selective recogni-
tion of bacterial pathogens over host cells and rapid killing kinetics. The studies
presented focus on the antimicrobial peptide C18G which is derived from the c-
terminal sequence of a human platelet factor protein. This peptide has shown
high efficacy in the low micromolar range against both gram-positive and
gram-negative species which was maintained upon an amino acid substitution
to facilitate monitoring via fluorescence spectroscopy (Y3W). The initial ex-
periments focused on the binding affinities of sequence-substituted C18G var-
iants in which the cationic Lysine residues were replaced with either Arginine
or Histidine. All variants of the peptide exhibited high affinity for lipid mem-
branes that contain anionic lipids (PG or PS) and a significant decrease in affin-
ity for bilayers composed only of zwitterionic lipids (PC or PC/PE mixtures).
All peptides exhibited similar binding affinities when the solution pH was low-
ered to pH4 or raised to pH10, indicative of a multi-component binding. Addi-
tionally, all peptides were shown to adopt a predominantly alpha-helical
conformation when bound to lipid vesicles or detergent micelles. A dramati-
cally different profile was observed when these peptides were were tested for
bacterial membrane permeabilization. The Lys and Arg variants exhibited an
expected dose-dependent permeabilization of both the outer and inner mem-
branes of E.coli while the His variant showed no increase in membrane perme-
ability. This pattern held true for the disruption of S.aureus membrane potential
by the same set of peptides. These results are indicative of decoupling the bind-
ing and killing events which argues against a nonspecific, membrane aggregate
mechanism of action.
1814-Pos Board B724
The Effect of Point Mutations on the Secondary Structure and Membrane
Interaction of Antimicrobial Peptide Anoplin
Amy Won, Stahs Pripotnev, Annamaria Ruscito, Anatoli Ianoul.
Isolated from the venom sac of solitary spider wasp, Anoplius samariensis,
Anoplin (GLLKRIKTLL-NH2) is the smallest, amphiphathic, linear a-helical
antimicrobial peptide found naturally to date. It has a broad-spectrum activity
against both Gram-positive and Gram-negative bacteria and exhibits low hemo-
lytic activity towards human erythrocytes. Previous studies suggested antimi-
crobial and hemolytic properties of Anoplin are strongly correlated with its
physicochemical properties. Two derivatives, Anoplin-8K (Ano8K,
GLLKRIKKLL-NH2) and Anoplin-1K5V8K (Ano1K5V8K, KLLKVIKKLL-
NH2), were found previously that possess increased antimicrobial activity
while retaining low hemolytic activity. In the present work, native Anoplin,
Ano8K and Ano1K5V8K were further investigated using UV resonance Raman
(UVRR) spectroscopy, Langmuir monolayer technique and carboxyfluorescein
(CF) leakage assay. UVRR data indicated that all three peptides adopt predom-
inantly a random coil conformation in aqueous buffer solution. The alpha-he-
lical content of all three peptides increases in membrane mimicking
trifluoroethanol with Ano1K5V8K having the highest alpha-helix percentage,
followed by Ano8K and Anoplin. Critical micelle concentrations were found
to decrease in a sequence Ano1K5V8K, Anoplin and Ano8K. Critical pressure
of insertion was found to be greater for anionic DPPG monolayer than for zwit-
terionic DPPC monolayer indicating preferential adsorption of all three pep-
tides to DPPG. Finally, CF leakage data indicated membrane lytic activities
of Anoplin toward bacterial model membrane (E. coli, B. subtilis and S. aurues)
correlate with peptide helicity and amphipathicity.
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Antimicrobial Peptide Recognition of Bacterial Membranes
Marc-Antoine Sani, David I. Fernandez, John D. Gehman,
Frances Separovic.
In the face of increasing clinical resistance to existing antibiotic drugs, antimi-
crobial peptides (AMP) are seen as a source of new antibiotics. Since these
AMP have high affinities for bacterial membranes, but with highly variable ac-
tivities over different strains, a multidisciplinary approach combining solid-
state NMR, microbiology and lipidomics has been taken to decipher their spe-
cific recognition. Most studies of AMP have been carried out using model
membrane systems, such as phosphatidylcholine (PC) and phosphatidylgly-
cerol (PG) bilayers, which bear questionable resemblance to bacterial mem-
branes. We have expanded these studies to include other bacterial
phospholipids, e.g. phosphatidylethanolamine, cardiolipin (CL) and naturallipid extracts. Model membranes prepared from bacterial lipid extracts and
live pathogenic bacteria are being used to help determine the mechanism of ac-
tion of a class of AMP obtained from Australian tree frogs. The aims are to de-
termine at which growth stage of the bacteria the peptides are active and to
correlate with the membrane composition at each stage using mass spectrom-
etry of the extracted phospholipids (lipidomics). Ongoing solid-state NMR ex-
periments are providing in vivo AMP activity spectra at atomic resolution. This
includes monitoring of phospholipid-peptide association and identification of
specific bacterial features, such as acyl chain lipid composition, as critical
mechanisms of antibiotic resistance. We report AMPs that have shown a better
affinity for CL-containing vesicles, than for PC or a PC/PG mixture, and pro-
mote lamellar lipid organization to break into isotropic, as yet unsolved, struc-
tures. These correlate with the lower minimum inhibitory concentration assays
done on a range of bacteria and circular dichroism experiments of AMP
with specific lipid composition as those used in preliminary in vivo NMR
experiments.
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Neutron Reflectivity Studies of the Antimicrobial Peptide Maculatin 1.1 in
Supported Lipid Bilayers
David I. Fernandez, Anton P. Le Brun, Paramjit Bansal, Michael James,
Francis Separovic.
Maculatin 1.1 is a member of a small group of a-helical antimicrobial peptides
isolated from the skin secretions of Australian amphibians. Previous studies us-
ing solid-state NMR, surface plasmon resonance, quartz crystal microbalance,
calorimetry and fluorescence measurements have revealed that this peptide acts
via different mechanisms dependent on concentration and membrane charge,
which lead to the disruption of bacterial membranes. Neutron reflection is
a method that provides information about the distribution of materials on the
axis perpendicular to a membrane surface (the z-axis). Neutron scattering
can discriminate between hydrogen and its isotope deuterium, making neutron
reflection a powerful tool for dissecting how lipid, protein and solvent relate to
one another along the z-axis and provides a method in which certain compo-
nents can be highlighted or made invisible by choosing the correct isotopic con-
trast. In this case deuterated lipid chains and a hydrogenated peptide were used.
The interaction of maculatin 1.1 in solid-supported lipid bilayers that mimic the
essential charge characteristics of eukaryotic (neutral) and prokaryotic (an-
ionic) membranes were studied using neutron reflection. The peptide was found
to bind to both bilayers but the action of the peptide was different between each
bilayer. When maculatin 1.1 bound to neutral bilayers the bilayer structure was
lost and lipid order diminished whereas when maculatin 1.1 bound to nega-
tively charged bilayers lipid order increased and the bilayer structure was re-
tained suggesting that maculatin 1.1 formed pores when bound to negatively
charged bilayers.
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Studies of Membrane-Active Peptides Using Neutron Diffraction
Juan C. Cruz, Mihaela Mihailescu, William Wimley, Kalina Hristova.
Biomembrane-active peptides and particularly those capable of translocating
have attracted considerable attention in the biotech community as they are
likely to enable a number of emerging platforms for drug and gene delivery.
A major limitation in the design of such active peptides is the limited knowl-
edge of their mode of action. We are working to address this knowledge gap
by directly observing these peptides while interacting with lipid bilayers. The
goal of the study is to determine the disposition of the peptides using neutron
diffraction, and identify key differences in the disposition of translocating and
inactive peptides. This is accomplished through specific deuteration of selected
amino acids in the two peptides. The experiments also reveal the effect of the
peptides on bilayer structure.
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Molecular Basis for Anticancer Activity of Host Defense Peptides
Andrey Ivankin, Paul A. Adamczyk, Binill H. Shah, David Gidalevitz.
The high toxicity of most anticancer chemotherapeutic drugs and their deacti-
vation by multidrug resistant phenotypes motivated an extensive search for
drugs with new modes of action. Host defense peptides (HDPs) represent
a promising class of natural-source drugs with a distinct mode of action, de-
creased likelihood of resistance development, and low intrinsic cytotoxicity.
However, the development of antitumoral HDP-based compounds has been
hindered by poor understanding of the molecular mechanisms of the HDPs’ se-
lective killing of cancer cells. Accumulating evidence indicates that the outer
leaflet of tumor cell plasma membranes is enriched in anionic lipids such as
phosphatidylserine (PS) and various gangliosides that may render the cancer
cells susceptible to cationic HDPs. Here we report results of a combined
AFM-X-ray study aimed at the understanding an impact of elevated levels of
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of HDPs. Lipid monolayers at the air-liquid interface and supported lipid bila-
yers composed of DPPC and GD3, GM3, or DPPS at different ratios were used
to model plasma membrane of cancer cells. The electron density profiles across
the films, derived from X-ray reflectivity data, demonstrate that HDPs penetrate
into all DPPC/anionic lipid monolayers, however with a different propensity.
The HDPs’ membrane-insertion propensity rises with increase in concentration
of anionic lipids in the films and is the highest for GD3 and the lowest for
DPPS. Grazing incidence X-ray diffraction data together with AFM indicate
that HDPs can degrade effectively ordering of anionic lipids in the membranes.
Our results suggest that the molecular mechanisms underlying the antibacterial
and anticancer activities of HDPs may be the same.
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N-BAR Induced Tubulation of Phase-Separated Vesicles
Jaime B. Hutchison, M. Karunanayake, A.E. Asinas, C.A. Dulaney,
R.M. Weis, A.D. Dinsmore.
We investigate experimentally the energetics and dynamics of the deformation
of lipid-bilayer membranes by curvature-sensing proteins. We focus on the
membrane-binding domain N-BAR (Bin1/Amphiphysin/RVS167), residues
1-247 from Drosophila melanogaster amphiphysin . Giant unilamellar vesicles
were prepared using electroformation with a ternary mixture of phosphatidyl-
choline, cholesterol, and sphingomyelin. As samples were cooled, homoge-
neous vesicles phase-separated, forming two fluid phases with distinct
compositions. The N-BAR was added to solution with the vesicles in controlled
amounts. The resulting deformations were recorded using both differential
interference contrast and fluorescence microscopies. Rapid, spontaneous for-
mation of fine tubules was observed to initiate at the boundary between the liq-
uid-ordered and liquid-disordered phases, and the tubules were composed
preferentially of lipid from the liquid-disordered phase. The role of the lipid
composition on the membrane deformation will be discussed. We will also dis-
cuss micropipette aspiration experiments, with which we explore the role of
membrane tension on tubule formation.
JH acknowledges the NSF-supported IGERT Program in Nanotechnology In-
novation. Funding is also provided by NSF grant DMR-0907195.
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The Effect of Aminoacylated Phospholipids on Membrane Binding of the
Antimicrobial Peptides Cecropin a and Mastoparan X
Sarah Pagentine.
Aminoacylated phosphatidylglycerols are common lipids in the cytoplasmic
membranes of Gram-positive bacteria. Their presence in staphylococcal cyto-
plasmic membranes has been linked to increased resistance to antimicrobial
peptides. We showed previously that physiological lysyl-phosphatidylglycerol
(lysyl-PG) concentrations did not reduce membrane binding of a synthetic
peptide modeled on the C-terminal microbicidal domain of the mammalian
platelet factor-4. Here, we addressed two additional questions. First, we inves-
tigated if that behavior is observed only for 6W-RP-1 or also for other antimi-
crobial peptides. Second, we explored the importance of the charge of the
aminoacylated-phospholipid on peptide binding to lipid membranes. Binding
of cecropin A and mastoparan X to unilamellar lipid vesicles composed of
1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) and 1-palmitoyl-
2-oleoyl-sn-glycero-3-phosphoglycerol (POPG) was measured as a function
of the concentration of an aminoacylated phosphatidylethanolamine (PE),
a stable analog of the corresponding PG-derivative. Cecropin A and masto-
paran X are well characterized antimicrobial peptides that form amphipathic
a-helices when bound at the membrane-water interface. Peptide binding was
measured through fluorescence energy transfer from the intrinsic tryptophan
residue in the peptides to an acceptor fluorophore embedded in the membrane
at low concentrations. Two aminoacylated PEs were used to explore the effect
of lipid charge on peptide binding: lysyl-PE, a cationic phospholipid, and glu-
tamyl-PE, a zwitterionic derivative. We found that as long as the concentra-
tion of aminoacylated PEs did not exceed 30 mol%, binding of both
peptides was not significantly altered. In an attempt to understand these obser-
vations, we discuss the interplay between lipid charge and headgroup size on
the activity of antimicrobial peptides.
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The Effect of Curcumin on the Antimicrobial Peptides Pore Formation in
DOPC
Wei Chin Hung, Ming Tao Lee.
Interaction of curcumin with antimicrobial peptide is not well understood. A
recent experiment showed that curcumin significantly affected the single
channel lifetime of gramicidin in a DOPC bilayer without affecting its singlechannel conductance. In this paper, we not only to study the lifetime longer
for gramicidin on DOPC, but also study the curcumin effect on the mecha-
nism of the kill microbial cell by melittin peptide, too. We performed two ex-
periments in order to understand those results. By X-ray lamellar diffraction,
we measured the thickness change of DOPC bilayers as a function of curcu-
min-lipid ratio. By oriented circular dichroism, we found the critical concen-
tration *P/L decrease with the C/L increase that indicates the curcumin
will induce the melittin more easily to formation the insertion state in
DOPC membrane. We results show that curcumin not only thins the lipid bi-
layer, it might also weaken its elasticity moduli and it can enhance the life-
time of gramicidin, but also induce the antimicrobial peptide more easily to
kill the microbial cell.
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Amyloid Oligomers Increase the Lifetime and Single Channel Conduc-
tance of Gramicidin Channels
Yuri V. Sokolov, Saskia C. Milton, Charles G. Glabe, James E. Hall.
Our previous data suggest that Ab does not itself contribute a new intrinsic con-
ductance to the membrane but soluble Ab oligomers increase the bilayer con-
ductance by altering physical properties of the membrane specifically
increasing the apparent dielectric constant of hydrocarbon region. This change
could in turn affect the properties of membrane ion channels.
In order to test this notion we compared the effects of amyloid oligomers pre-
pared with the HFIP method on the single channel conductance and mean open
time of gramicidin in 2 M NaCl and CsCl using DOPC and a series brominated
lipids that change the dielectric properties of lipid bilayer at different depths
into the membrane (11,12- bromo-16:0, 10,9- bromo-16:0 and 7,6- bromo-
16:0, PC). Amyloid oligomers always increase the single channel conductance
and mean open time both in 2 M NaCl and CsCl regardless of the nature of lipid
used. The single channel conductance of gramicidin in brominated lipid mem-
branes is lower in CsCl solutions and higher in NaCl solutions than that in
DOPC membranes.
In addition we tested Ab oligomers prepared in NaOH solution (HFIP-free).
These oligomers did not affect the bilayer conductance but their effects on
gramicidin channels were different compared to the effects of HFIP-prepared
Ab oligomers. These oligomers decrease the single channel conductance and
increase the mean open time of gramicidin channels.
Supported by the Hillblom Foundation and NIH 1P01AG032131-01A1.
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Showing the Potential of the Lifetime-Based Dye Leakage Assay: All-Or-
None Membrane Permeabilization by Fungicidal Lipopeptides from
Bacillus Subtilis QST 713
Hiren Patel, Clemens Tscheka, Edwards Katarina, Goran Karlsson,
Heiko Heerklotz.
The fungicidal activity of Bacillus subtilis QST713, based mainly on the pro-
duction of cyclic lipopeptides of the fengycin (FEs), surfactin, and iturin fam-
ilies, has been utilized for the highly effective and environmentally safe
protection of crops against a variety of pathogens. The mixed population of na-
tive FEs forms micelles which solubilize individual FEs such as agrastatin 1
(AS1) that are otherwise rather insoluble on their own but promote the mem-
brane permeabilizing activity of the mixture. Fluorescence lifetime-based cal-
cein (Softmatter, 2009, 5, 2849-51) efflux measurements, isothermal titration
calorimetry and electron microscopy show that these FEs show a unique sce-
nario of membrane permeabilization. Poor miscibility of FEs with lipid induces
stable, long-lived pores in 10% of the vesicles at onlyz 1uM free FE and in
15% of the vesicles at 10 uM. We explain why this all-or-none leakage ac-
counts for the killing of virtually all fungi whereas the same extent of graded
leakage would likely be biologically irrelevant. Then, crystallization of AS1
and micellization of plipastatins cause a cut-off in leakage at 15% that might
regulate the biological activity of FEs, protecting Bacillus and plant mem-
branes. The fact that FE micelles solubilize only about 10 mol-% fluid lipid re-
sembles the behavior of detergent resistance.
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The Effects of Salts and Sugars on the Plasma Membrane Permeabilizing
Activity of Polycationic Peptides Derived from Protoxins
Victor V. Lemeshko.
Polycationic peptides with high activity in mitochondria permeabilization were
derived from natural protoxins. Their capacity to permeabilize the plasma
membrane was studied using red blood cells incubated in isotonic media
with different salts (LiCl, NaCl, KCl, choline chloride) and/or sugars (mannitol,
sucrose, raffinose). The addition of valinomycin induced high membrane po-
tential (negative inside) and caused cell shrinkage with the rate that seemed
